The effects of various physical and chemical treatments on the stability of a human serotype 1 rotavirus and simian agent 11 (SA1l) were compared by using a fluorescence focus assay. The infectivity of both strains was retained after storage at room temperature for 14 days, 4°C for 22 days, and -20°C for 32 days; lyophilization; and treatment at pH 3 to 11. Both viruses were inactivated at pH 12, as was the human virus at pH 2, although this pH resulted in only partial inactivation of SA1l. The human virus also appeared to be more sensitive than SAll to the action of ether and chloroform. The infectivity of both viruses was lost after UV irradiation for 15 min and after treatment with 8% formaldehyde for 5 min, 70% (vol/vol) ethanol for 30 min, and 2% lysol, 2%phenol, and 1%H202 for 1 h each.
Results of previous studies of animal rotaviruses, including calf and simian strains (8, 12) , have demonstrated that they are resistant to the effects of various physical and chemical treatments, surviving sonication, freeze-thawing, and incubation at 25 and 37°C, as well as treatment with ether, chloroform, genetron, and a wide range of pHs. Simian agent 11 (SAl1) has been shown to be susceptible to the action of disinfectants, however, including ethanol, chlorinated phenolic compounds, and formaldehyde (11) .
Although electron microscopic observations of human rotaviruses have shown that particle morphology remains stable following long-term storage and treatment with various physical and chemical agents (1, 9) , studies on the infectivity of human rotavirus following such treatments have not been possible because of the difficulty in adapting human strains to growth in cell culture. However, a human rotavirus not adapted to growth in cell culture and of an undetermined serotype has been shown recently (4) to be more resistant than SAl to the effects of chlorine, chlorine dioxide, ozone, and peracetic acid, raising the possibility that the relative resistance of SAl to physical and chemical treatment might not necessarily reflect the resistance of human strains.
This study was initiated to obtain evidence of the stability of cell culture-adapted human rotavirus to various physical factors (pH, temperature, UV irradiation, freeze-thawing, and drying), solvents and disinfectants, and to directly compare the relative stability of this strain with that of SAil.
MATERIALS AND METHODS
Viruses and cells. Human rotavirus strain FH4232 was isolated from the feces of a 2-year-old child with diarrhea (2) by the method of Sato et al. (10) (iv) Resistance to drying. Virus stocks were diluted 1 in 10 in lipid-free, commercially available cows milk, maintenance medium containing 10% inactivated fetal calf serum (Filtron, Melbourne, Australia), maintenance medium containing 5% (vol/vol) bovine serum albumin (Commonwealth Serum Laboratories, Parkville, Melbourne, Australia), or maintenance medium alone; frozen at -70°C, and lyophilized at -70°C with a high-vacuum freeze dryer (Edwards). The suspension media used in lyophilization experiments did not contain neutralizing antibodies (data not shown). In air-drying experiments, 100 RI of undiluted virus was allowed to dry onto the surface of a petri dish at room temperature and then suspended in an equal volume of maintenance medium.
(v) Exposure to chemicals. Viruses were diluted 1 in 10 in different solvents (ether and chloroform) or disinfectants (ethanol, formaldehyde, phenol, and lysol [50% cresol]) at room temperature at the concentrations and times indicated (see Tables 4 and 5 ). Chemicals that were imiscible with the virus preparations (ether, chloroform, and phenol) were mechanically agitated during treatment. Multiple extractions in ether were carried out after 5-min exposures with agitation in an equal volume of the solvent. To avoid the toxic effects of residual chemicals, 0.5 ml of the treated virus was passed through a chromatography column containing preswollen gel (Cellufine GC-700; Amicon Corp., Lexington, Mass.) at a bed volume of 3.5 ml and equilibrated with maintenance medium. The virus-chemical mixture was eluted with maintenance medium; and the first 1.0 ml of eluant, which was shown by prior experiments to contain rotavirus (data not shown), was then titrated to assess posttreatment infectivity.
(vi) Freeze-thawing. Virus stocks were rapidly thawed from -70 to 37°C. This cycle was repeated 5 times.
RESULTS

Stability of rotaviruses to various physical factors. (i) pH.
FH4232 and SAll retained infectivity following treatment at a wide range of pHs (Table 1) . Their infectivity was unaltered after treatment at pH 3 to 11. Strain FH4232 was completely inactivated at pH 2.5 and 11.5 however, while SAl exhibited greater resistance to extremes of pH, losing 2 log units of infectivity at pH 2.5, 4 log units at pH 2.0, and 2 log units at pH 11.5. SAl was completely inactivated at pH 12. (ii) Temperature. Both viruses were stable at low temperatures and were sensitive to high temperatures (Table 2) . At room temperature (20°C), 4°C, and -20°C both viruses survived at least 14, 22, and 32 days, respectively, with minimal loss in titer. SAl was more stable than FH4232 to short-term exposure to 37°C, showing minimal loss of infectivity after 4 days, while FH4232 lost 1 log unit of infectivity after 7 h and 2 log units after 4 days. Both viruses were completely inactivated after 14 days at 37°C. At 56°C both strains were significantly reduced in titer after 15 min of incubation. However, SAl1 appeared to retain some infectivity for up to 1 h. Neither 2 M MgCl2 nor 2 M MgSO4 increased the thermal stability of either strain at 50°C.
(iii) Freeze-thawing. Both strains retained infectivity following six rounds of rapid freeze-thawing (Table 2 ).
(iv) UV light. UV light rapidly inactivated both viruses (Table 3) . Their infectivity was reduced by 2 log units following irradiation with 250 ,uW of UV light per cm2 for 1 min and was reduced by 3 to 4 log units after 5 min. There was no residual infectivity after 15 min of exposure.
(v) Drying. Both viruses survived air drying for 1 day and lyophylization for at least 17 days in milk and maintenance medium (Table 3 ). However, air drying for 4 days (at room temperature) resulted in complete inactivation of FH4232 and a reduction in the titer of SAl1 of nearly 3 log units.
Effect volume of ether but was reduced in infectivity by 2 log units following one extraction with an equal volume of chloroform (Table 4) . Human rotavirus was partially resistant to 20 and 50% ether but was completely inactivated by multiextraction in this solvent. The human strain retained only 1 log unit of infectivity following overnight treatment with 20% chloroform and was completely inactivated by 50% chloroform under the same conditions.
(ii) Disinfectants. Both viruses were inactivated by all of the disinfectants tested, with the degree of inactivation being dependent on both the strength of disinfectant used and the treatment time (Table 5 ). Complete inactivation of SAl and the human rotavirus was obtained following treatment with 1% formaldehyde for 1 h, 50% ethanol for 1 h, 2% Lysol for 1 h, 2% phenol for 1 h, and 1% H202 for 1 h. In general, SAl was more resistant to the disinfectants used, being completely or partially resistant to the effects of 3% formaldehyde for 15 min, 50% ethanol for 30 min, and 1% phenol for 1 h. These treatments completely inactivated the human virus.
DISCUSSION
The results obtained in this study confirm and extend previous findings on the stability of SAl and provide new information on the stability of human rotavirus. Results of a previous study (9) have shown that the morphology of human rotavirus in a fecal extract remains unchanged following treatment at pH 3 and 10 and that at a pH of less than 3.0 the outer layer of the virus collapses but the virus does not disintegrate further. Destruction of the external layer of rotavirus would be expected to result in inactivation of the virus, and this is given support by the results of this study, which showed that treatment at pH 2.5 produced noninfectious virus. Results of treatment of the human virus at high pHs also supported previous observations (9), which demonstrated that after treatment at pH 10.0 the structure of rotavirus was unaltered. Our results show that while the human virus retained infectivity at pH 10.0 and 11.0, it was sensitive to a pH equal to or greater than 11.5. In previous studies it has been shown that SAl is resistant to pH 3 (8) and pH 3. 24 h. Similarly, a strain of calf rotavirus has been shown to retain infectivity following exposure over 14 h to a temperature of 20°C at low to intermediate relative humidity (7) . In a previous study (1) , it has been shown that rotaviruses maintain their characteristic morphology after long-term storage at -20°C, although the particles appeared to have lost part or all of their outer shell and were probably noninfectious. Our results show that the human virus lost 2 log units of infectivity after 32 days at -20°C, suggesting that for long-term storage of isolates temperatures of about -70°C might be more appropriate.
The effect of UV irradiation on rotavirus has not been reported previously. Both simian and human isolates were rapidly inactivated under conditions achieved in a biological safety cabinet, suggesting that if appropriate care is taken there should be little chance of cross-contamination when rotaviruses of different serotypes, from different species, or both are handled within a single cabinet.
The effects of chloroform and ether on SAl have been reported previously (3, 8) ; in those studies it was shown that SAll is stable to both chloroform and ether for up to 24 h at temperatures ranging from 4 to 25°C. Our results show that while SAl is resistant to chloroform and ether, including multiextraction with the latter, the human virus was reduced in titer when treated with both solvents and did not survive overnight treatment with an equal volume of chloroform or multiextraction with ether. Thus, the difference between SAl and the human strain with regard to solvent sensitivity appears to resemble previously reported findings that showed similar results when SAl and the 0 agent of sheep and cattle were directly compared (8) .
The most useful laboratory disinfectants appear to be a solution of 8% formaldehyde or 70% ethanol. Relatively brief exposure of both SAl and the human virus to these concentrations resulted in their complete inactivation. The sensitivity of both strains to the action of ethanol is in agreement with results of a previous report (11) , which reported rapid inactivation (under 1 min) when SAll was exposed to 95% (vol/vol) ethanol. However, it should be noted that our results apply to cell culture-derived viruses and may therefore not be applicable to the inactivation of virus within feces or fecal extracts.
Because of the biochemical similarities of SAll and human rotavirus and the difficulty involved in adapting human strains to growth in cell culture, previous experiments designed to assess the stability of rotavirus to various physical and chemical treatments used SAll as a model and concluded that the human strains would probably react similarly. Our results, which came from a direct comparison of SAl1 and a serotype 1 human rotavirus, showed that, in general, this conclusion is valid.
